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Evidence is presented that cyclonic upwelling took place in the southern offshore
waters of Lake Victoria on the 22nd to the 23rd March, 1969. Before this, the
main upper thermocline was tilted downwards in the leeward northern half of
the lake in respome to the ac.::umulation of epilimnetic water. Cyclonic upwelling
might be quite common because of the frequent occurrence of storms on Lake
Victoria, and probably on other tropical African lakes. However, to my know-
ledge, it has never been reported from any lake.
G.E.B. Kitaka, EaSI African Freshwaler Fisheries Research OrganizGlion,
Jinja, Uganda.
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Upwelling of deep waters towards the
surface is of great biological significance
especially in stratified lakes because nutrients
previously locked up in the hypolimnetic
water are brought up into the photosynthetic
zone; but the process may result in catastro-
phic mortalities of animal life, especially
fish, if this water should be anoxic, and
contain appreciable amounts of toxic gases
such as hydrogen sulphide, or even carbon
dioxide (WORTHINGTON 1929;
GRAHAM 1929; FISH 1956, 1957; COUL-
TER 1963, 1968; ACHIENG in BEADLE
1966).
Upwelling is normally initiated by surface
currents moving away from the shore, or
by a downward leeward tilt of the ther-
mocline in response to the accumulation of
epilimnetic water, and often, by horizontal
currents associated with the displacement of
the thermocline during an internal seiche
movement after cessation of the wind.
A
In Lake Windermere it has been attributed
to an internal seiche initiated by the stress of
a strong wind (MORTIMER 1952). Strong
northwesterly winds on Lake Baikal sweep
the epilimnion towards the eastern shore,
and water derived from several hundred
metres appears along the western shore
(SUSLOV 1947, in HUTCHINSON 1957,
p. 451). Upwelling also occurs, but on a
much larger scale, along the western coasts of
the continents where prevailing winds carry
the surface waters away from the coasts;
(SVERDRUP et al 1946, p. 140 and 501).
It occurs, for example, off the West Coast of
Africa where the Benguela Current begins to
move west out across the Atlantic, off the
coast of Chile and Peru where the Humboldt
and Peru Current turns westward, and off
the coast of California where surface waters
move away from the coast.
Examples of upwelling have been noted
from African lakes, but in most cases
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F i g u r e 1 . M a p o f L a k e V i c t o r i a s h o w i n g t h e r o u t e , t a k e n o n t h e t w o c r u i s e s . S t a t i o n 1 A t o 6 A ( C r u i s e A ,
8 t h - 9 t h F e b r u a r y , 1 9 6 9 ) , a n d I B t o 8 8 ( C r u i s e B , 2 2 n d - 2 3 r d M a r c h , 1 9 6 9 ) .
t i o n o f t h e t r a c e o n t o a g r a p h p a p e r s u b -
d i v i d e d u p t o m i l l i m e t r e s , u s i n g a p h o t o -
g r a p h i c p r i n t e r .
W a t e r s a m p l e s w e r e c o l l e c t e d w i t h V a n
D o r n w a t e r s a m p l e r s , a n d d i s s o l v e d o x y g e n
m e a s u r e d b y t h e A z i d e m o d i f i c a t i o n o f t h e
W i n k l e r m e t h o d s o o n a f t e r c o l l e c t i o n o f
t h e s a m p l e s . E l e c t r i c a l c o n d u c t i v i t y w a s
m e a s u r e d w i t h a b a t t e r y o p e r a t e d H a c h
c o n d u c t i v i t y m e t r e , t h e t e m p e r a t u r e o f t h e
s a m p l e a t t h e t i m e o f m e a s u r e m e n t b e i n g
t a k e n w i t h a m e r c u r y t h e r m o m e t e r . T h e s e
t e m p e r a t u r e s h a v e b e e n u s e d t o r e c a l c u l a t e
t h e c o n d u c t i v i t y a t 2 0 ° C ( K
2 0
) a s s u m i n g a
m e a n t e m p e r a t u r e c o e f f i c i e n t o f 2 . 3 % p e r
° C ; ( T A L L I N G a n d T A L L I N G 1 9 6 5 ) .
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Figure 2. Vertical profiles of temperature CC), dissolved oxygen (mg/U, and electrical conductivity (Kzo, f.lmhos) at the various stations.
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O w i n g t o e x t r a h a n d s o n C r u i s e B ,
m e a s u r e m e n t o f c o n d u c t i v i t y a t a l l b u t o n e
s t a t i o n ( s t a t i o n 4 B ) w a s m a d e i m m e d i a t e l y
a f t e r s a m p l i n g , a n d t h e t e m p e r a t u r e s o f
t h e s a m p l e s a t t h e t i m e o f c o n d u c t i v i t y
m e a s u r e m e n t h a v e b e e n p l o t t e d b e s i d e t h e
i n s i t u b a t h y t h e r m o g r a p h t e m p e r a t u r e s f o r
c o m p a r i s o n . T h e s m a l l d i f f e r e n c e s t h a t
a p p e a r a r e d u e t o t h e d i f f e r e n c e s i n t h e
t e m p e r a t u r e o f t h e a i r a n d t h e w a t e r
s a m p l e s w h i l e o n t h e d e c k , a n d d u r i n g t h e
m e a s u r e m e n t o f c o n d u c t i v i t y i n t h e s h i p ' s
l a b o r a t o r y w h i c h i s a l w a y s h o t o w i n g t o
t h e r a d i a n t h e a t f r o m t h e e x h a u s t p i p e
w h i c h p a s s e s t h r o u g h i t . E s t i m a t i o n s o f
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3
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4
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z
, S 0 4 , a n d
p l a n k t o n w e r e m a d e a t a f e w s t a t i o n s ,
b u t a r e n o t d i s c u s s e d a s t h e y h a v e b e e n
f o u n d t o p r o v i d e n o e v i d e n c e f o r o r a g a i n s t
t h e argum\~nt o f t h i s r e p o r t .
R E S U L T S A N D D I S C U S S I O N
O n c r u i s e A , t h e w i n d w a s m a i n l y s o u t h -
e a s t e r l y ; b u t o n c r u i s e B , a v i o l e n t n o r t h e r l y
s t o r m w a s e n c o u n t e r e d f r o m s t a t i o n 2 B ,
a n d p e r s i s t e d , a l t h o u g h w i t h d i m i n i s h i n g
m a g n i t u d e , r i g h t u p t o s t a t i o n 6 B .
I s o t h e r m s a l o n g c r u i s e A ( F i g . 3 ) i n d i c a t e
a s i t u a t i o n s i m i l a r t o t h a t o b s e r v e d b y
N E W E L L ( 1 9 6 0 ) , w h e r e t h e s u r f a c e w a t e r s
( 2 4 . 1 ° - 2 5 . O ° C ) h a v e b e e n d r i v e n t o t h e
n o r t h e r n h a l f o f t h e l a k e i n r e s p o n s e t o t h e
w i n d , t h e s o u t h e r n h a l f b e i n g o c c u p i e d
a l m o s t e n t i r e l y b y t h e l o w e r l a y e r s ( 2 3 . 0 ° -
2 4 . 0 ° C ) o f t h e n o r t h e r n h a l f . U n f o r t u n a t e l y ,
n o f u r t h e r m e a s u r e m e n t s w e r e t a k e n s o u t h o f
s t a t i o n 6 A t h a t d a y , b u t t h e c o u r s e o f t h e
i s o t h e r m s a t s t a t i o n 5 A a n d 6 A s u g g e s t
u p w e l l i n g o f a t l e a s t t h e m i d d l e l a y e r s o u t h o f
t h i s s t a t i o n , w h e r e i t i s r e l a t i v e l y s h a l l o w e r .
T e m p e r a t u r e m e a s u r e m e n t s t a k e n o n 1 2 t h
F e b r u a r y , i . e . t h r e e d a y s l a t e r , w h e n i t w a s
v e r y c a l m a n d t h e s k y o v e r c a s t , a t a s t a t i o n
4 1 m e t r e s d e e p i n t h e m o u t h o f S p e k e
G u l f , s h o w e d t h e w h o l e c o l u m n o f w a t e r t o
A N I N S T A N C E O F C Y C L O N I C U P W E L L I N G 8 9
b e m o r e o r l e s s i s o t h e r m a l b e t w e e n 2 3 . 9 ° -
2 4 . 2 ° C , w h i c h i s q u i t e c l o s e t o t h e t e m p e r a -
t u r e o f t h e m i d d l e l a y e r .
B u t t h e s i t u a t i o n i n d i c a t e d b y t h e i s o t h e r m s
a l o n g c r u i s e B ( F i g . 3 ) i s a d i f f e r e n t e x a m p l e
o f u p w e l l i n g . U n l i k e t h e p r e v i o u s o n e , t h i s
u p w e l l i n g o c c u r r e d n o t i n t h e v i c i n i t y o f , o r
a l o n g t h e s o u t h e r n s h o r e , b u t i n a l i m i t e d
a r e a i n t h e m i d d l e o f t h e s o u t h e r n h a l f o f
t h e l a k e , a t s t a t i o n 6 B . I n v i e w o f t h e v i o l e n t
n o r t h e r l y s t o r m t h a t w a s e n c o u n t e r e d o n
t h e w a y t o t h i s s t a t i o n , a n d f r o m t h e c o u r s e o f
t h e i s o t h e r m s h e r e , i t i s a p p a r e n t t h a t a
r e g i o n o f l o w p r e s s u r e d e v e l o p e d i n t h i s
a r e a . S t a t i o n 6 B w a s t h e r e f o r e i n a c y c l o n i c
s w i r l i n t h e s t o r m c e n t r e . A n d a s p o i n t e d
o u t a b o v e , c y c l o n i c c i r c u l a t i o n a r o u n d t h i s
a r e a w o u l d r e s u l t i n a r i s i n g m o u n d o f
c o l d w a t e r b e l o w t h e a r e a i f t h e t e m p e r a t u r e
g r a d i e n t s a r e s t e e p , o r t o a c t u a l u p w e l l i n g
i f t h e g r a d i e n t s a r e l e s s m a r k e d . I n t h e
p r e s e n t c a s e , b o t h e x t r e m e s a r e w e l l r e p -
r e s e n t e d . T h e r e i s a m o u n d o f t w o b o d i e s o f
c o l d w a t e r w h o s e l i m i t c a n b e t a k e n a s t h e
2 3 . 6 ° C i s o t h e r m , a n d a c t u a l u p w e l l i n g o f
l e s s c o l d w a t e r . T h e d i f f e r e n c e i n t h e d e n s i t i e s
o f t h e s e b o d i e s o f w a t e r a t t h e s e h i g h t e m p -
e r a t u r e s i s q u i t e a p p r e c i a b l e . F o r e x a m p l e ,
t h e d e n s i t y c h a n g e b e t w e e n 2 4 ° a n d 2 6 ° C ,
t h e n o r m a l r a n g e o f t e m p e r a t u r e i n L a k e
V i c t o r i a , e q u a l s t h a t b e t w e e n t h e w i d e r
l i m i t s o f 6 ° a n d 1 2 . 6 ° C f r e q u e n t i n t e m p -
e r a t e l a k e s ( T A L L I N G 1 9 5 7 ) .
D i f f e r e n t l a y e r s o f w a t e r c a n o n l y b e m a i n -
t a i n e d b y t h e i r d i f f e r e n c e s i n d e n s i t y . A n d i n a
s h a l l o w l a k e l i k e L a k e V i c t o r i a , t h e o n l y
o t h e r f a c t o r b e s i d e s t e m p e r a t u r e t h a t c a n
c a u s e d e n s i t y d i f f e r e n c e s i s t h e v a r i a t i o n i n
t h e s a i t c o n t e n t o f t h e w a t e r . T h e r e f o r e ,
s a l t c o n t e n t , o r s o m e o t h e r p a r a m e t e r w h i c h
i s a f u n c t i o n o f s a l t c o n t e n t , s u c h a s e l e c t r i c a l
c o n d u c t i v i t y , c o u l d a l s o b e u s e d t o i d e n t i f y
d i f f e r e n t w a t e r l a y e r s . I n t h e p r e s e n t c a s e ,
t h e s a l t c o n t e n t o f t h e w a t e r w a s e s t i m a t e d
f r o m i t s e l e c t r i c a l c o n d u c t i v i t y w h i c h w a s
b e t w e e n 8 0 - 1 0 4 I l m h o s , K
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c o n f i r m a t o r y e v i d e n c e f o r c o n c l u s i o n s d r a w n
f r o m t h e c o u r s e o f i s o t h e r m s . I n t h i s c a s e ,
h o w e v e r , n e i t h e r t h e o x y g e n i s o p l e t h s h a v e
p r o v i d e d s u c h e v i d e n c e . B u t t h i s s h o u l d n o t
b e s n p r i s i n g . I t s h o u l d b e a p p r e c i a t e d t h a t
a p a r t f r o m t h e f a c t t h a t b o t h p a r a m e t e r s w e r e
m e a s u r e d o n l y a t p a r t i c u l a r i n t e r v a l s o f
d e p t h s , d i s s o l v e d o x y g e n , a n d e l e c t r i c a l
c o n d u c t i v i t y i n t h i s p a r t i c u l a r c a s e , a r e
p a s s i v e f a c t o r s t h a t c a n v a r y i n d e p e n d e n t l y
i n d i f f e r e n t a r e a s a n d w a t e r l a y e r s w i t h o u t
a f f e c t i n g t h e i r d e n s i t i e s , a n d h e n c e t h e i r
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F i g u r e 3 . D i s t r i b u t i o n o f i s o t h e r m s C O C ) a l o n g C r u i s e A a n d C r u i s e B .
l e n t t o a s a l t c o n t e n t o f 3 8 - 5 0 m g / I a s N a C ! .
T h i s i s s u c h a s m a l l a m o u n t o f d i s s o l v e d
s a l t s t h a t a t t h e h i g h t e m p e r a t u r e s o f L a k e
V i c t o r i a , d e n s i t y c h a n g e s w i l l d e p e n d a l m o s t
e n t i r e l y o n v a r i a t i o n s i n t e m p e r a t u r e ,
( R U T T N E R 1 9 6 3 , p . 8 - 1 1 ) , s o t h a t l i n e s o f
e q u a l e l e c t r i c a l c o n d u c t i v i t y p l o t t e d a l o n g
t h e c r u i s e h a v e p r o v i d e d n o e v i d e n c e f o r o r
a g a i n s t u p w e l l i n g a t s t a t i o n 6 8 -
F I S H ( 1 9 5 7 ) h a s s h o w n f r o m r e s u l t s
o b t a i n e d a t p e r m a n e n t h y d r o l o g i c a l s t a t i o n s
t h a t i s o p l e t h s o f d i s s o l v e d o x y g e n m a y p r o v i d e
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s p a t i a l d i s t r i b u t i o n . F o r e x a m p l e , t h e r e l a t -
i v e l y m u c h h i g h e r e l e c t r i c a l c o n d u c t i v i t y a t
s t a t i o n 3 B c o u l d b e t h e r e s u l t o f a l o c a l
i n c r e m e n t i n t h e d i s s o l v e d s a l t s , p r o b a b l y
d u e t o t h e r u n - o f f f r o m t h e n e i g h b o u r i n g
i s l a n d s , w h o s e t e m p e r a t u r e w a s a p p a r e n t l y
n o t v e r y d i f f e r e n t f r o m t h a t o f t h e l a k e
w a t e r .
H o w e v e r , t h e c o u r s e s o f t h e i s o t h e r m s
a l o n g t h e e n t i r e c r u i s e , i n g e n e r a l , a n d t h a t
a t s t a t i o n 6 B , i n p a r t i c u l a r , t o g e t h e r w i t h t h e
v i o l e n t n o r t h e r l y s t o r m t h a t w a s e n c o u n t -
e r e d o n t h e w a y t o t h i s s t a t i o n l e a v e n o
r o o m f o r d o u b t t h a t c y c l o n i c u p w e l l i n g
o c c u r r e d a t t h i s s t a t i o n . F u r t h e r m o r e , t h e
c o u r s e s o f t h e i s o t h e r m s u p t o s t a t i o n 5 B ,
a n d a f t e r s t a t i o n 7 B t o 8 B , a n d t h e d e p ( h s
o f t h e 2 4 . 0 ° C i s o t h e r m o n e i t h e r s i d e o f
s t a t i o n 6 B i n d i c a t e t h a t t h e s i t u a t i o n r e p r e -
s e n t e d b y t h e i s o t h e r m s a l o n g C r u i s e A
o b t a i n e d b e f o r e t h e d e v e l o p m e n t o f t h e d e -
p r e s s i o n a n d t h e c o n s e q u e n t c y c l o n i c s w i r l
a t s t a t i o n 6 B .
T o m y k n o w l e d g e , t h i s t y p e o f u p w e l l i n g b y
c y c l o n i c c i r c u l a t i o n h a s n e v e r b e e n r e p o r t e d
f r o m a n y l a k e . H o w e v e r , i n s t a n c e s o f s u d d e n
R E F E R E N C E S
A c h i e n g , A . P . c i t e d i n L . C . B e a d l e . ( 1 9 6 6 ) .
P r o l o n g e d s t r a t i f i c a t i o n a n d d e o x y g e n a t i o n i n
t r o p i c a l l a k e s . I . C r a t e r L a k e N k u g u t e , U g a n d a ,
c o m p a r e d w i t h L a k e s B u n y o n y i a n d E d w a r d .
L i m n o l . O c e a r w g . 2 : 1 5 2 - 1 6 3 .
B e a u c h a m p , R . S . A . ( 1 9 5 3 ) . H y d r o l o g i c a l d a t a
f r o m L a k e N y a s a . J . E c o l . 4 i : 2 2 6 - 2 3 9 .
C o c h e , A . G . ( 1 9 6 8 ) . D e s c r i p t i o n o f p h y s i c o - c h e m i c a l
a s p e c t s o f L a k e K a r i b a , a n i m p o u n d m e n t , i n
Z a m b i a - R h o d e s i a . F i s h . R e s . B u l l . Z a m b i a 5 :
2 0 0 - 2 6 7 .
C o u l t e r , G . W . ( 1 9 6 3 ) . H y d r o l o g i c a l c h a n g e s i n
r e l a t i o n t o b i o l o g i c a l p r o d u c t i o n i n s o u t h e r n
L a k e T a n g a n y i k a . L i l 1 1 n o l . O c e a n o g . 8 : 4 6 3 - 4 7 7 .
- - - - ( 1 9 6 8 ) . H y d r o l o g i c a l p r o c e s s e s a n d p r i m a r y
p r o d u c t i o n i n L a k e T a n g a n y i k a . P r o c . 1 1 t h C o n f
I n l e r n a t . A s s o c . G r e a t L a k e s . R e s . 1 9 6 8 : 6 0 9 - 6 2 6 .
E c c l e s , D . H . ( 1 9 6 2 ) . A n i n t e r n a l w a v e i n L a k e
N y a s a a n d i t s p r o b a b l e s i g n i f i c a n c e i n t h e n u t -
r i e n t c y c l e . N a t u r e i 9 4 : 8 3 2 - 8 3 3 .
A N I N S T A N C E O F C Y C L O N I C U P W E L L I N G 9 1
s u r f a c i n g o f p r e v i o u s l y d e e p i s o t h e r m s i n
o f f s h o r e w a t e r s w e r e o b s e r v e d o n t w o
t r a n s e c t s a l o n g t h e a x i s o f L a k e T a n g a n y i k a
( C O U L T E R 1 9 6 8 ) , a l t h o u g h t h e r e w a s
d o u b t a b o u t t h e i r o r i g i n . B u t f r o m t h e
f r e q u e n t o c c u r e n c e o f s t o r m s o n t h e l a r g e
t r o p i c a l A f r i c a n L a k e s , a t l e a s t , o n e w o u l d
e x p e c t s L l c h u p w e l l i n g t o b e q u i t e c o m m o n .
M u c h f a r t h e r s o u t h o f L a k e V i c t o r i a , i n
L a k e K a r i b a , o n e " m e m o r a b l e " s t o r m w a s
f o u n d s u f f i c i e n t t o s t i r t h e e n t i r e l a k e t o
c o m p l e t e i s o t h e r m y ( C a C H E 1 9 6 8 ) .
A C K N O W L E D G E M E N T S - I w o u l d l i k e t o t h a n k
M . r . G . S . I I l u g a s o n , t h e C a p t a i n o f t h e r e s e a r c h
b o a t I B I S o n w h i c h t h i s w o r k w a s d o n e , f o r h i s
c o - o p e r a t i o n , a n d f o r l o c a t i o n o f t h e s a m p l i n g
s t a t i o n s . I a m v e r y g r a t e f u l t o M r . D . B . M a c C a r r a -
h e r , t h e n F A O L i m n o l o g i s t o n t h e U N D P / L a k e
V i c t o r i a F i s h e r i e s R e s e a r c h P r o j e c t , f o r h i s a s s i s t -
a n c e o n C r u i s e A , a n d t o M r . J . M w a n j a , t h e n
L a b o r a t o r y T e c l l l l i c i a n o f t h i s O r g a n i z a t i o n , f o r
h i s a s s i s t a n c e o n b o t h c r u i s e s . M y t h a n k s a r e a l s o
d u e t o M r . R . M . C h i l v e r s , D r . J . F . T a l J i n g , a n d D r .
D . A . L i v i n g s t o n e f o r r e a d i n g t h e m a n u s c r i p t o f
t h i s r e p o r t , a n d f o r t h e i r a d v i c e o n i t s i m p r o v e m e n t .
F i s h , G . R . ( 1 9 5 6 ) . S o m e a s p e c t s o f t h e r e s p i r a t i o n o f
s i x s p e c i e s o f f i s h f r o m U g a n d a . J . e x p o B i o l . 2 3 :
1 8 6 - 1 9 5 .
- - - { J 9 5 7 ) . A s e i c h e m o v e m e n t a n d i t s e f f e c t o n
t h e h y d r o l o g y o f L a k e V i c t o r i a . F i s h . P u b l . C o l o n i a l
O f f i c e , L o n d . i O : 6 8 p .
F o f o n o f f , P . N . ( J 9 6 2 ) . D y n a m i c s o f o c e a n c u r r e n t s ,
p . 3 2 3 - 3 9 5 , I n M . N . H i l l ( e d ) , T h e s e a , v o l . i . ,
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